Haemoptysis is concerning for both patient and healthcare provider and points to the presence of severe underlying lung disease warranting investigation. Approximately 8% of patients with pulmonary tuberculosis (PTB) infection will experience haemoptysis at some point during their life [1;2] . The aetiology of haemoptysis in the setting of PTB is diverse and may occur during active or following prior PTB infection due to pulmonary complications. We describe the case of a 33-year-old female who presented with massive haemoptysis on two separate occasions within a five-month period. Her background history included PTB 6 years prior and subsequent post-TB bronchiectasis with a destroyed left lung, and the development of apical mycetoma's. Despite numerous pre-existing aetiologies that could account for haemoptysis in this patient, on this admission, a newly identified ruptured Rasmussen's aneurysm was identified by angiography and successfully treated with arterial embolization. This report serves to highlight the multitude of reasons for haemoptysis in a patient with post PTB lung destruction and the associated diagnostic challenges that may be present. In particular, we highlight the Rasmussen's aneurysm, a rare entity, as a hidden cause of haemoptysis, where despite extensive parenchymal lung disease identified on chest radiography, specialised imaging is needed to confirm the diagnosis.
Background
Tuberculosis (TB), remains a significant health burden in the developing world despite medical and technological advances. As of 2015, South Africa remains in the top 6 of both the worldwide incidence and prevalence of TB, with haemoptysis being a closely associated symptom [3] . Despite 81% of PTB patients achieving cure, haemoptysis may present in the post -PTB patient, and may be related to parenchymal distortion and associated vascular complications associated with prior PTB [3] . This report aims to highlight the numerous aetiologies accounting for haemoptysis in a post-primary PTB patient, with emphasis on the Rasmussen's aneurysm, a rare but established entity with possible life-threatening consequences.
Case study
A 32-year-old HIV seronegative female patient, currently working as a research assistant in a healthcare facility presented with a second episode of massive haemoptysis within a 5-month period. She had been diagnosed with microbiologically proven PTB 6 years prior to her admission and completed 6 months of therapy. However, this was complicated by fibro-cavitatory destruction of her left lung with post-TB bronchiectasis (Fig. 1 ). Over the course of her follow up at the pulmonology clinic, and 2 years prior to this current presentation, she developed apical mycetoma's, which were identified on computed topographical scan of the chest (Fig. 2 ) and due to evident haemoptysis, she was considered for a left pneumonectomy. Her lung function test showed a restrictive lung pattern with a FEV1 of 64%, a FVC of 67% (FEV1/FVC of 95) and a DLCO of 74. Furthermore, a nuclear medicine split perfusion scan indicated no discernible perfusion to the affected lung. An electrocardiogram and echocardiogram were performed, indicating the presence of pulmonary hypertension.
On examination during this admission, she was haemodynamically stable with a blood pressure of 127/82 mmHg and a sinus tachycardia of 110 beats/min. She was afebrile, her respiratory rate measured 20 breaths/min and she was a-cyanotic on room air with an oxygen saturation of 93%. Marked digital clubbing and subconjunctival pallor were noted. On respiratory examination, evidence of left sided volume loss was present with decreased expansion of the left chest wall and compensatory hyperinflation of the right. The breath sounds on the right were vesicular in nature but the left side had breath sounds of reduced intensity with amphoric breath sounds and coarse crackles predominantly in the upper zone. No evidence of decompensated corpulmonale was present on cardiovascular examination, but pulmonary hypertension and mediastinal shift to the left were evident. A parasternal heave with a palpable P2 were elicited, as was a loud pulmonary component of the second heart sound. Her apex beat was displaced to the anterior axillary line in the fifth intercostal space with tracheal deviation to the left side. Initial laboratory results showed a microcytic hypochromic anaemia with a haemoglobin of 7. 28. An Xpert MTB/RIF assay was performed and was reported as negative for mycobacterium tuberculosis.
She was admitted to medical high care. Transfused 1 unit of packed red blood cells and initiated on oral codeine phosphate. An emergency computed topographical pulmonary angiogram (CTPA) was performed and suggested the presence of a Rasmussen's aneurysm but formal angiography was deemed necessary for confirmation. Direct angiography indicated a pulmonary arterial blush adjacent to the left upper lung cavity confirming the presence of a Rasmussen's aneurysm ( Fig. 3 ). Despite difficult initial ventilation due to her diseased lung, selective right bronchial intubation was performed and successful arterial embolization was achieved. Following 48 hours of post-procedural monitoring in a high care setting, she was stepped down to the general medical ward where after 6 days of remaining haemoptysis free, she was discharged home and is currently awaiting left sided pneumonectomy.
Discussion
Haemoptysis, the coughing up or expectoration of blood, is a worrying symptom and usually serves as an indicator of severe underlying lung pathology. Massive haemoptysis is a term reserved for a large volume of blood expectorated within a 24-h period, with the potential for morbidity and mortality stemming from haemodynamic instability, airway compromise and gaseous exchange abnormalities. There is no universal consensus on the precise volume of blood to define massive haemoptysis, and the most acceptable quantifiable definition refers to values ranging from 200 to 1000 ml over a 24-h period, to a bleeding rate of 100ml per hour [4] .
South Africa is a WHO high burden country [3] , but there is a dearth of literature assessing the prevalence of post-PTB related lung disease in South Africa, however, experts in South African pulmonary medicine believe PTB to be a significant contributor to chronic lung disease in the region, and is an important cause of haemoptysis. Active PTB may present with both trivial and significant degrees of haemoptysis and a sizeable proportion of haemoptysis is secondary to active PTB, as highlighted by an older South African case series where up to 73% of massive haemoptysis was attributable to active TB and this is supported by a recent study of HIV positive patients with diabetes who were 31 times more likely to have active TB if haemoptysis was a presenting symptom [5, 6] . Although haemoptysis is strongly associated with active pulmonary TB infection, it may also present following resolution of acute disease due to subsequent pulmonary complications [1, 2] . Unfortunately there is no data assessing the prevalence of haemoptysis amongst patients with active PTB compared to those with haemoptysis from post-primary PTB pulmonary complications. Thus even though the aetiologies of haemoptysis are varied and multi-systemic, in a high TB burden setting, its presence should always alert the physician to the possibility of active PTB.
Haemoptysis originates from local blood supply, being derived from both pulmonary and bronchial arteries. The pulmonary arterial system carries the entirety of the cardiac output through a relatively lowpressure system for oxygenation whilst the bronchial artery and its tributaries carry oxygenated blood to the lung parenchyma, and despite a much smaller volume are under high systemic pressures. In 90% of cases with massive haemoptysis, bleeding originates from these highpressure bronchial artery networks [7] . Numerous possibilities are present when considering the aetiology of haemoptysis in the postprimary TB patient. Although the pathogenesis of haemoptysis, as a sequelae of PTB, occurs most commonly due to destruction and structural remodelling of the lung parenchyma and its vasculature, other concomitant disease processes may occur in these patients resulting in haemoptysis. This presents a diagnostic challenge to the physician when determining the cause in these patients, as well as, the necessary therapy. As such, despite clearly evident parenchymal lung destruction, multiple other possibilities may still explain haemoptysis.
Up to 40-60% of patients with prior pulmonary TB suffer from airway and parenchymal destruction with fibrosis and cavitation, the hallmark being apical and posterior traction bronchiectasis with upper lobe fibro-cavitation and mediastinal shift toward the diseased lung [8] . Post tuberculous fibro-cavitatory disease and bronchiectasis leads to irreversible damage and dilation of the airways and its associated vasculature. The bronchial vasculature becomes hypertrophied, ectatic and exposed. The hyper vascularity, disrupted architectural support and open exposure of these vessels make them easily prone to bleeding and these abnormalities account for the majority of clinically evident haemoptysis in the post-PTB patient [9] .
Significant post-primary PTB parenchymal lung damage with cavitation serves as the ideal milieu for fungal colonisation and infection with pathogenic species such as Aspergillus spp. Pulmonary aspergillosis may manifest as cavities containing fungal balls referred to as mycetoma's or as chronic cavitatory or fibrosing aspergillosis [10] . Occurring in 7-11% of patients after previous PTB, the presence of both a mycetoma on radiological imaging (with CT demonstrating greater diagnostic accuracy than a standard chest x-ray [11] ) as well as serum aspergillus antibodies leads to an increase incidence of clinically evident haemoptysis [12] . Erosion of adjacent vasculature and intra-cavitatory bleeding serve as the basis for haemoptysis in these patients [6] .
Mycobacterial mediated granulomatous inflammation and lymphadenitis may progress to calcification of tissue known as broncholiths. The presentation of post-tuberculous broncholiths may be vague but rarely calcified nodes may disrupt and erode adjacent bronchi and when bronchial vascular networks are involved, haemoptysis may be apparent [8, 13] . Although rare, lung cancer and TB may co-exist, with post-primary PTB lung scarring predisposing to the growth of malignancy (scar carcinoma), as such haemoptysis with suspicious lesions on radiological imaging should not be overlooked and require further evaluation [8, 13] . Direct vascular involvement by PTB may also occur, as both arteries and veins may demonstrate an active mycobacterial induced necrotising granulomatous vasculitis, resulting in inflammation with aneurysmal changes, broncho-pulmonary and arterio-venous connections [8] . The Rasmussen's aneurysm, refers to a pseudo-aneurysm of the pulmonary artery adjacent to a tuberculous cavity. Named after Danish physician Fritz Valdemar Rasmussen, an autopsy series reported a prevalence of up to 5% in patients with cavitatory tuberculous disease [14] . Its development stems from granulomatous inflammation of the arterial wall leading to vascular remodelling involving fibrin and subsequent caseation, with progressive weakening of vascular lining with aneurysmal dilation [2, 8] . Subsequent vessel wall rupture or leaking from a Rasmussen's aneurysm, may result in massive haemoptysis carrying a mortality exceeding 50% [15] . Chest radiography and clinical examination may highlight the presence of post-TB sequelae but may not account for vascular lesions, and if suspected, radiological or formal angiography is necessary to confirm the diagnosis.
In the management of haemoptysis in a post primary-TB patient, recognising the potential for life-threatening haemoptysis is critical, with emphasis on monitoring the patients bleeding volume, bleeding rate, and underlying vital parameters. Presently there is a lack of local guidelines or recommendations addressing post-PTB haemoptysis, as such management is guided by hospital protocols based on international literature. Airway protection and haemodynamic stability is the initial step prior to investigation, especially given that this group of patients have poor underlying lung reserve [16] . Should on-going haemoptysis occur; further investigation is warranted beyond that of the gross abnormalities identified on chest radiograph. Fibre-optic bronchoscopy benefits those with active haemorrhage in an adjacent bleeding bronchial vessel. Direct visualisation of the bleed may be possible and controlling measures can be immediately utilised such as direct coagulation or tamponade effects [17, 18] . Aneurysmal lesions require detailed characterisation, as such, CTPA is utilised with a sensitivity of 80% reported [19] . Diagnostic uncertainty may require direct angiography, its use is of particular value when arterial embolization is indicated, such as in our patient [17, 18] . While TB arteritis due to necrotising granulomatous change plays the key role in development, vessel biopsy and microscopic visualisation is neither practical nor feasible. Arterial embolization carries up to a 90% success rate in cessation of haemoptysis but repeated embolization's may be required. If unsuccessful, surgical lung resection may be required, and while elective resection may carry a mortality of 18%, arterial embolization is a critical bridge in therapy [7, 20] . Emergency lung resection for life threatening haemoptysis has been utilised, but mortality in this setting is up to 40%. As such, initial arterial angiography with the intention and utilisation of embolization remains a mainstay of therapy in the emergency setting particularly given that it may serve as a bridge to definitive therapy in patients with significant peri-operative challenges [17] . Interventional methods remain the mainstay in therapy for massive haemoptysis but case reports and series highlight the use of chest radiation therapy in patients with haemoptysis from a mycetoma [21] , currently a trial in South Africa is underway to further validate its use in inoperable patients. In resource limited settings, the necessary diagnostics tools and management expertise are unlikely to be available, the mortality for untreated massive haemoptysis exceeds 50% [22] , thus patients' with massive haemoptysis should be resuscitated and urgently referred to a centre were the required diagnostic modalities and management expertise are available.
Conclusion
Haemoptysis in a patient with previous PTB is a diverse and concerning entity. In the setting of a grossly abnormal chest radiogram, vascular lesions may be missed. Due to the potential for massive haemoptysis to cause haemodynamic instability and airway compromise, detailed imaging is necessary. The Rasmussen's aneurysm is a known, albeit rare, complication of PTB as a result of granulomatous vasculature inflammation and should be considered in massive haemoptysis in a post-primary TB patient even in the setting of extensive radiographic parenchymal abnormalities.
